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MIXED VENOUS OXYGEN SATURATION
by David Kissin, BS, RRT THE BLOOD GAS LABORATORY W ith more and more hospitals establishing and/or expanding their open-heart surgery programs, it is important for clinicians to have a clear understanding of the methods used for patient monitoring. One of the most versatile and probably most misunderstood, is mixed venous oxygen saturation (SvO2) and how it relates to cardiac function, oxygen delivery and oxygen consumption.
Mixed venous oxygen saturation is a direct measurement of the blended blood in the right ventricle, a mix of blood from the inferior vena cava, the superior vena cava and the coronary circulation. Mixed venous oxygen saturation is the percentage of reduced hemoglobin left after tissue oxygen extraction. The normal value for SvO2 is 60 -80%. The measurement can be made from a blood sample drawn from the ventricle using the pulmonary artery port of a SwanGanz catheter. In some cases, a simple central venous oxygen saturation can approximate and track a patient's SvO2, especially in patients with sepsis and septic shock. Since the mid-1970's and the development of pulmonary artery catheters with fiberoptic oximetry, continuous mixed venous oxygen saturation measurements can be obtained. Using the modified Fick equation: SvO2 = SaO2 -VO2/CO x 1.306 x Hb, where SvO2 is mixed venous oxygen saturation, SaO2 is arterial oxygen saturation, VO2 is oxygen delivery, CO is cardiac output and Hb is hemoglobin. This equation illustrates that SvO2 has an inverse relationship to oxygen utilization in fully saturated blood and a direct relationship to cardiac output and hemoglobin. With constant oxygen consumption, mixed venous oxygen saturation demonstrates the balance between oxygen delivery and oxygen demand. SvO2 is the result of oxygen consumption at the tissue level. This is measured as the oxygen extraction ratio (O2ER), with a normal value of 24 -28%. The oxygen extraction ratio can be calculated by: O2ER = SaO2 -SvO2/SaO2, where SaO2 is arterial oxygen saturation and SvO2 is mixed venous oxygen saturation. Normal SvO2 alone does not show the status of specific organ perfusion and may not be an adequate representation of tissue perfusion in patients with intracardiac shunting, sepsis or liver failure.
To set the record straight, cardiac output alone does not define adequate cardiac index nor is it indicative of adequate oxygen delivery to meet the patient's demand. One reported goal for a patient is a cardiac index of greater than or equal to 2.5 -3 L/min/m_, a mixed venous oxygen saturation >65 -70% and a lactate level < 2.3 mM/L. If oxygen delivery is inadequate for a patient's oxygen demand, the body will first compensate by attempting to increase the cardiac output by increasing the heart rate and/or stroke volume. If this still does not meet demand, increased oxygen extraction will occur, resulting in a decreased mixed venous oxygen saturation. As a last compensatory mechanism, anaerobic metabolism will take place due to the lack of sufficient oxygen supply and delivery. Anaerobic metabolism is an inefficient cellular energy producer and results in metabolic acidosis with large amounts of waste end-products, especially lactic acid. In other words, a decrease in mixed venous oxygen saturation is indicative of an inadequate cardiac output, whereas an increased SvO2 indicates a decrease in tissue extraction and hence, sufficient cardiac output. A high mixed venous oxygen saturation, a high cardiac output and an elevated lactate level are signs of tissue inability to extract enough oxygen, despite all of the body's compensatory mechanisms. This can be seen in the late stages of septic shock or in cyanide poisoning. Mixed venous oxygen saturation and lactate levels returning to normal demonstrate patient improvement.
SvO2 is also a useful tool for the evaluation of ventilator therapy, especially oxygen content and oxygen delivery and the use of positive end-expiratory pressure (PEEP). Determination of "best PEEP" can be done using SvO2 measurements during adjustments in PEEP levels to the point where arterial oxygen saturation improves without a decrease in mixed venous oxygen saturation. Studies using mixed venous oxygen saturation as a monitor of oxygen delivery have shown mixed results. In patients undergoing aortic or lower limb arterial surgery, no significant advantages of targeted SvO2 levels were seen in morbidity or mortality. A study on coronary revascularization with cardiopulmonary bypass showed a significant decrease in length of stay when the mixed venous oxygen saturation was targeted at >70% and lactate levels kept at or below 2mM/L. Use of SvO2 monitoring during cardiopulmonary bypass discontinuation has been shown to be useful in early detection of cardiac output changes in patients with already compromised cardiac function. Continuous SvO2 monitoring has also been used as a tool for improving survival outcomes of stage 1 palliation for hypoplastic left heart syndrome, where post-operative maximization of cardiac output and mixed venous oxygen saturations were targeted and assessed using the Fick equation. Once
No indice is more misunderstood than the measurement of mixed venous oxygen saturation
Preceptor programs are being used with increasing frequency in respiratory therapy departments. The Preceptor is a Coach, Effective listener, Evaluator, Creative tutor, At times Confessor; a prototypical guide and primarily a talent evaluator and developer. The current thought and information concerning Preceptor Programs strongly suggests that having enthusiastic employees participate as preceptors in a comprehensive training program will help improve clinical quality and retention rates for newly hired Respiratory Therapists.
Indeed, it is an honor to serve as a preceptor and an important role for any serious Respiratory Therapy Professional. Preceptors ensure that orientees complete hospital and unit competency requirements and are oriented to the hospital and unit culture. Every unit manifests a unique and different culture and presents new and unique clinical challenges. What greater role can we play then to help others to be good at taking care of people who are critically ill? The Preceptor's role is to help others take better care of others. One final comment, my fall back position these past few years has been a rather simple one but one that works every time, especially in teaching: When in doubt try kindness and compassion
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again, continuous SvO2 monitoring allowed early detection of decreased cardiac output. Looking at myocardial work and oxygen consumption during the rewarming phase after cardiopulmonary bypass, a study by Ralley, et.al showed that shivering caused the patient to have a higher heart rate and cardiac index with a lower mixed venous oxygen saturation. Kirkeby-Garstad and colleagues used SvO2 monitoring to assess the effects of early mobilization after cardiac surgery and found a marked decrease in mixed venous oxygen saturation post-operatively. They also studied the postural effect on SvO2 and cardiac index, comparing pre-operative measurements with post-operative levels at rest, standing and with supine exercise. Where early mobilization showed impaired myocardial function, the mixed venous oxygen saturation was unchanged and the cardiac index was increased. Additionally, postural changes had less impact on oxygen delivery and hemodynamic status post-operatively. Patients' compensatory mechanisms in response to exercise were also maintained post-operatively.
Understanding the importance and utility of mixed venous oxygen saturation monitoring is imperative for optimal patient care. Oxygen demand, delivery and consumption can be directly assessed and patient response to therapy can also be optimized. For tissue survival after insult, be it cardiac surgery, sepsis or other insult, oxygen delivery and extraction must be optimized. When the oxygen delivery is compromised, by low cardiac output, anemia or low oxygen supply to the tissues, anaerobic metabolism is the only method for cellular respiration and energy production. Incompetent as a cellular energy production method, anaerobic metabolism and its sequela are detrimental to the patient's recovery and leads to higher morbidity and mortality. 
